Background -Metabolic risk factors of non alcoholic fatty liver disease (NAFLD) in non diabetic teetotallers who constitute a definite group are not well defined. Objective -To identify the metabolic risk factors of NAFLD if any in non diabetic subjects who do not consume alcohol. Methods -In a cross sectional study the effect of metabolic parameters (BMI, individual lipid levels, hemoglobinA1c (HbA1c), HOMA IR and the metabolic syndrome components) of 150 consecutive non diabetic teetotallers (90 with normal glucose tolerance and 60 prediabetics) on their NFS (quantifiable severity parameter of NAFLD) was studied by linear regression analysis. Similar study was done in the normal glucose tolerance and prediabetes groups separately. These parameters were then compared with those of 75 matched diabetic teetotallers with NAFLD. To analyse further the difference between normal glucose tolerance, prediabetic and overt diabetic groups, binary logistic regression of the factors was carried out taking prediabetes and diabetes as outcome variable. Results -All the metabolic parameters were significantly higher in diabetics compared to non diabetics and in prediabetics compared to those with normal glucose tolerance except high-density lipoprotein cholesterol. Triglyceride, high-density lipoprotein cholesterol and BMI significantly predicted NFS in the overall (adjusted R 2 68.7%, P=0.000) and normal glucose tolerance groups (adjusted R 2 73.2%, P=0.000) whereas BMI, triglyceride, low-density lipoprotein cholesterol and HbA1c did in prediabetics (adjusted R 2 89%, P=0.000). The metabolic syndrome was significantly associated with NFS in the overall and prediabetic groups. High triglyceride (odds ratio1.08), low-density lipoprotein cholesterol (odds ratio1.03) and HbA1c (odds ratio 11.54) were positively associated with prediabetes compared to normal glucose tolerance group. Conclusion -In nondiabetic teetotallers dyslipidemias are the prime contributors to the development of NAFLD. HEADINGS -Non alcoholic fatty liver disease. Dyslipidemias. Glycated hemoglobin A. Insulin resistance.
INTRODUCTION
The prevalence of non alcoholic fatty liver disease (NAFLD) in Indian population ranges from 5% to 28%, which is comparable to the West (1) . It is common in patients suffering from type 2 diabetes mellitus (DM), obesity, hyperlipidemias and its prevalence increases with the number of these comorbidities. However, NAFLD occurs in a good number of patients without DM also. A number of Indian studies (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) show that though there is high prevalence of insulin resistance (IR) (46%-83%) in such population, the prevalence of DM is only 4%-35% indicating that some other factor(s) is involved in the pathogenesis of NAFLD in them. There is high prevalence of obesity (56%-80%) in them but the separate contribution of dyslipidemia is not clear (though its prevalence is high 50%-62%) because it occurs simultaneously with other risk factors. Many authors believe that NAFLD in such population is a forerunner of future DM and the metabolic syndrome. Most studies also accept alcohol intake in doses of less than 30 g/day in men and 20 g/day in women as noncontributory to the development of fatty liver (as per definition) and include such patients but it can be a source of bias especially since self reported information on alcohol intake like the exact amount and duration is frequently subjected to under reporting and alcohol can cause raised triglyceride (TG) levels. Even the latest definition of NAFLD accepts that fixing any quantitative threshold on the dose of alcohol for the diagnosis of NAFLD will be at least partly arbitrary (12) . In order to clarify these issues we conducted a study of the metabolic parameters of a group of non diabetic teetotaller subjects having NAFLD to ascertain their association if any in this population and further compared these parameters to those of a diabetic teetotaller group with NAFLD to ascertain any difference.
NAFLD fibrosis score (NFS) is a quantifiable non invasive method of assessing the severity of NAFLD (including risk of fibrosis) calculated from six routinely used parameters which are found to be independently associated with advanced fibrosis. By applying a low cut-off (<−1.455), advanced fibrosis can be excluded with high accuracy (negative predictive value 93%) while a high cut-off threshold (>0.676) offers accurate detection of advanced fibrosis (positive predictive value 90%) (13) . This score is thus a direct measure of severity and has been independently validated in other studies (14, 15) (i.e. < -1.455 = absence of significant NAFLD, -1.455 to 0.676 = mild to moderate NAFLD and > 0.676 = severe NAFLD) and recommended for severity assessment (12) (13) (14) (15) (16) . Due to non availability of fibroscan at the time of inception of the study and as none of our subjects consented for liver biopsy, we chose to study the weightage of these metabolic factors in predicting this quantifiable parameter of NAFLD as a measure of their degree of association.
METHODS
The study included 150 consecutive non diabetic, teetotaller subjects recruited from outdoor and indoor services of our referral hospital from January 2012 to December 2016. NAFLD was diagnosed when they underwent ultrasonogram of abdomen in the fasting state for indications of liver function test abnormalities, gastrointestinal symptoms or as part of routine work up for other causes e.g. fever, preplacement examination etc. Detailed history (especially hypopituitarism, hypo/hyperthyroidism, Cushing syndrome, diabetes mellitus, chronic hepatitis C, use of steatogenic drug like estrogens, amiodarone, tamoxifen, methotrexate or antituberculous drugs which can cause liver enzyme elevation) was elicited and clinical examination to look for any evidence of endocrine or chronic liver disease was done during initial screening. We excluded patients with history of above endocrine disorders, drugs use and clinical suspicion or ultrasonogram evidence of chronic liver disease or portal hypertension. Secondary causes of liver disease were excluded by negative tests for HBsAg, Anti HCV, autoimmune liver disease antibodies, anti tissue transglutaminase antibodies with normal serum ceruloplasmin and iron studies. Alcohol intake was excluded by eliciting the history from patients, their relatives and friends, CAGE questionnaire and further confirmed by normal alkaline phosphatase and gamma glutamyltranspeptidase value. Patients with any amount of alcohol intake were excluded from the study.
The metabolic parameters were measured as follows:
Body mass index (BMI) was calculated using Quetelet index formula upon recording weight to the nearest half-kilogram with light clothes and bare feet, and height standing bare feet. (17) Patients were graded as follows: underweight (<18.5 kg/m 2 ), normal BMI (18.5-22.9 kg/m 2 ), overweight (23.0-24.9 kg/m 2 ) and obese (≥25 kg/ m 2 ) (according to the revised consensus guidelines for obesity for India) (18) . Blood pressure was measured in sitting position after 30 minutes of rest using a sphygmomanometer. Waist circumference was measured with the help of a non-stretchable measurement tape at the level just above the iliac crest at the end of expiration (19) .
The metabolic syndrome was defined by the criteria framed by the International Diabetes Federation Global Consensus Definition (20) i.e. Central obesity (>90 cm for men, >80 cm for women) plus any two of the following four parameters: (1) Raised TG: ≥150 mg/dL or history of specific treatment for this lipid abnormality (2) Reduced high-density lipoprotein cholesterol (HDL): <40 mg/dL in males and <50 mg/ in females or history of specific treatment for this lipid abnormality. (3) Raised blood pressure: systolic ≥130 mm Hg or diastolic ≥85 mm Hg or on treatment for previously diagnosed hypertension and (4) Raised fasting blood glucose (FBG) ≥100 mg/dL or previously diagnosed DM.
After an overnight fast, blood was collected for the following investigations: (1) FBG and 2 hour post load (75 g) plasma glucose (oral glucose tolerance test -OGTT) (by glucose oxidase-peroxidase method), (2) serum total cholesterol (TC), TG, HDL, bilirubin, aspartate aminotransferase (AST), alanine aminotransferase (ALT), alkaline phosphatase, gamma glutamyltranspeptidase, total protein, albumin and globulin (by Autoanalyzer using standard kits). Low-density lipoprotein cholesterol (LDL) was calculated using the Friedewald equation. HDL values less than 40 mg/dL in males and 50 mg/dL in females was considered abnormal. (3) Hemoglobin A1c (HbA1c) was measured by high-performance liquid chromatography. (4) Serum fasting insulin level was estimated by chemiluminescence immunoassay. (5) Baseline complete hemogram, thyroid function test, growth hormone and cortisol levels. All tests were done in the pathology department of the hospital.
Non diabetics were defined as those having FBG <126 mg/ dL and 2 hr OGTT <200 mg/dL. The overall group of 150 non diabetics (Group 1) were subdivided into 2 categories: (a) normal glucose tolerance (NGT), n= 90, group 1a and (b) prediabetics (PD), n=60, group 1b (TABLE 1) which constituted those with impaired fasting glucose (IFG) and IGT. Insulin resistance was calculated using the Homeostasis Model of Assessment for Insulin Resistance (HOMA-IR) formula: fasting insulin (mIU/mL) × fasting glucose (mmol/liter)/22.5. Those with values >2 were considered to have IR (21) .
NFS was calculated by the formula -(-1.675 + 0.037 × age (years) + 0.094 × BMI (kg/m 2 ) + 1.13 × IFG or diabetes (yes=1, no=0) + 0.99 × AST/ALT ratio -0.013 × platelet (×10 9 /L) -0.66 × albumin (g/dL) (13) .
Subsequently all the above parameters of the non diabetic group were compared to those of a group of 75 age and sex matched diabetic teetotaller subjects with NAFLD (Group 2) recruited from outdoor and indoor hospital services.
Statistical analysis
The minimum sample size needed for the cross sectional observational study of metabolic abnormalities in non diabetic NAFLD population (based on an estimated 50% prevalence with 10% precision) was ascertained to be 100.
Continuous variables were expressed as mean ± standard deviation (SD) and categorical variables as proportions (%). Univariate analysis of differences was carried out with Fischer's exact test for categorical variables and Student's t test for continuous data. A two tailed P value of < 0.05 was considered significant. Multiple linear regression was carried out taking NAFLD fibrosis score as the outcome variable and the metabolic parameters as independent variables for group 1 and its subgroups 1a and 1b separately. To analyse further the factors that may predict progress from NGT to PD and from non diabetic state to DM, binary logistic regression of the factors was carried out between Group 1a and 1b taking prediabetes as outcome variable and between Group 1 and Group 2 considering DM as outcome variable. Odds ratio (OR) and confidence intervals (CI) were calculated. All statistical analysis was done with SPSS version 13 (Chicago Inc).
All procedures performed were in accordance with the ethical standards of the institutional and/or national research committee and with the 1964 Helsinki declaration and its later amendments or comparable ethical standards. Informed consent was obtained from all patients to be included in the study and the study was approved by the hospital Ethics Committee. Demographic and metabolic parameters of the three groups are shown in TABLES 2, 3. Majority i.e. 87 (58%) were in 4th and 5th decade of life [42 (28%) were <40 years age, 30/90 (33.3%) of NGT group and 12/60 (20%) of PD group]. PD patients tended to be slightly older than NGT group though the difference was not statistically significant and there was female preponderance in all groups. Overall dyslipidemias were present in 78% subjects of group 1 with raised TC in 42%, TG in 52% and LDL in 44% (>129 mg/dL) [or 75% (>100 mg/dL)]. HDL was low in 45 (54%) females and 37 (55%) males and 26/33 (78.8%) of single dyslipidemias was a HDL abnormality. HbA1c was high in 36% [12 (6.7%) in NGT group and 42 (70%) in PD group, P=0.000)].
RESULTS

Ultrasonogram
All metabolic parameters (except HDL) as also BMI were significantly higher in PD compared to NGT group and in diabetics compared to overall non diabetic group 1.
Overall HOMA IR >2 (i.e.IR) was present in 76% cases and significantly more number of patients in NGT group (30/90 = 33.3%) had normal HOMA IR compared to PD group (6/60=10%) (P=0.03).
The prediction of NFS by various metabolic factors in different groups is represented in were positively associated with PD compared to NGT group (R 2 66.7%). HOMA IR was also a factor in the model but failed to reach 
DISCUSSION
Thus our study shows that dyslipidemias are strong contributors to the occurrence of NAFLD in non diabetic teetotallers especially those with normal glucose tolerance. HbA1c in addition is positively associated in the prediabetic stage. However, there is high prevalence of IR also. Previous studies from India has shown the prevalence of IR to be 46%-98%, obesity to be 25%-87% (60%-70% in most studies) and dyslipidemias to be 44%-89% in the non diabetic NAFLD population with abnormal TC in 22%-36%, TG in 23%-64%, HDL in 31%-66% and LDL in 25% cases (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) . Our study shows similar prevalence of IR, obesity and dyslipidemias with higher TC and LDL levels in such patients. In a previous study (9) dyslipidemia was present in 89% of lean non diabetics with NAFLD and their lipid levels (TC, HDL, LDL and TG) were similar to overweight and obese NAFLD patients. Also, the prevalence of dyslipidemia was significantly higher in lean NAFLD than the lean healthy controls. In another study high TG was the only factor showing significant association with grade of liver inflammation (5) . That such lipid abnormalities are involved in the etiology of NAFLD in non diabetic patients is hinted at in our study by the positive relation of increasing BMI, TG and decreasing HDL with increasing NFS in the NGT subgroup 1a and that of BMI, LDL, HbA1c, and the presence of the metabolic syndrome (high TG) with increasing NFS in the PD subgroup 1b with high R 2 value (73.2% and 89% respectively) implying significant contribution. This also indicates that dyslipidemia and obesity have important role to play in the genesis of NAFLD in the non diabetic persons with normal glucose tolerance and IR in addition may come into play during the prediabetic stage. This is further supported by the positive odds of TG, HbA1c and LDL (on binary logistic regression analysis) between the stages of NGT and PD in our study. HOMA IR, though present in the model, just failed to reach significance (P=0.05). One study from China (22) showed that increased serum HbA1c level was significantly associated with risk of NAFLD. The risk was explained by two mechanisms: (a) The level of HbA1c is influenced by life span and "glucose permeability" of erythrocytes. IR in NAFLD leads to increase in hepatic glucose production and export to the peripheral circulation raising the level of serum glucose and hence HbA1c. (b) Oxidative stress in NAFLD which cause erythrocytes to undergo morphology change with decrease membrane fluidity, becoming easy to capture by liver macrophage. This increased erythrocytes destruction increases HbA1c.
Also that our population of non diabetic NAFLD is representative of this group is supported by the positive odds of HOMA IR and HbA1c in predicting diabetes from non diabetic stage as is normally expected. The interesting finding is that though all the lipid values as well as BMI are higher in diabetic compared to non diabetic NAFLD (as is expected) subjects, they are not significant in the multivariate model implying that lipids may not be involved significantly in its development from non diabetic state.
Thus it appears that in non diabetic persons dyslipidemia, es-pecially high TG and low HDL, either alone or more likely as part of the metabolic syndrome in early stage, influences the development of NAFLD though subclinical IR is also present. Then IR and HbA1c becomes more important in prediabetic and diabetic state. Thus IR has definite association with NAFLD even in non diabetic people (76% subjects in our study had IR). However, it is important to point out that we estimated IR by HOMA which is an indirect method and has limitations as it reflects hepatic insulin sensitivity (especially in subjects with IFG/IGT). Lean NAFLD patients (33.3% of our cases) have minimal hepatic IR and in them peripheral (adipose tissues and skeletal muscles) IR is more important. Under normal condition, adipose tissues are the primary source (70%) of free fatty acids for hepatic TG. Thus, adipose tissue IR may trigger excess release of fatty acids leading to development NAFLD in them (9) again highlighting the importance of dyslipidemia. Though the age of our cohort was comparable to previous Indian studies but there were more females as opposed to male predominance noted in other studies (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) . This is possibly due to the exclusion of patients consuming alcohol and all females were teetotallers. This might also have been the cause of male preponderance noted in the above studies which included patients with history of alcohol consumption (<30 gm/d in males and <20 gm/d in females). The elimination of alcoholics also removed a likely source of bias for high TG levels.
Another interesting finding was the presentation of more than 60% patients with symptoms of functional bowel disease. Since a common factor to both NAFLD and functional bowel disease is alteration of gut flora, this aspect can also be studied further to decipher its role in the pathogenesis of NAFLD in non diabetic patients.
Our study had certain limitations. We did not study the role of metabolic hormones like serum resistin, adiponectin, leptin and ghrelin in such cases and their roles can be addressed in future studies as also the question whether IR is alone sufficient for development of NAFLD or whether IR and the metabolic syndrome go hand in hand. Secondly there was no follow up data of the patients regarding progress from NGT to PD and from PD to diabetic stage and only predictions from associations could be made. This concept of progress is also not universally accepted and PD may be a different metabolic condition from diabetes. (Only 5%-10% PD progress to DM). This is why we included PD in non diabetic group. Also positive association of IR and HbA1c may not imply causation. Thirdly due to non availability of fibroscan and consent for liver biopsy, these could not be done though fibroscan has similar limitations as NFS. Nevertheless, significant lipid abnormalities are present in non diabetic teetotaller NAFLD subjects and mandate further study to decipher their precise causative role.
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